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O objetivo desse estudo foi a avaliação clínica e microbiológica  do tratamento de 
lesões de bifurcação mandibulares classe II utilizando a associação das proteínas 
derivadas da matriz do esmalte (EMD) e do beta tricálcio fosfato/hidroxiapatita 
(βTCP/HA) comparando com o uso isolado de cada um desses materiais. Quarenta 
e um pacientes, apresentando pelo menos uma lesão de bifurcação grau II 
mandibular, profundidade de sondagem (PS) ≥ 4mm e sangramento a sondagem, 
foram inclusos. Os defeitos foram alocados nos seguintes grupos: 1- preenchimento 
da lesão de bifurcação com EMD (n=13) 2- aplicação de βTCP/HA (n=14); 3- 
associação de βTCP/HA + EMD (n=14); Índice de Placa (PI), índice gengival (GI), 
PS, posição da margem gengival relativa (RGMP), nível clinico de inserção 
horizontal e vertical relativo (RVCAL e RHCAL) foram avaliados no baseline, 6 e 12 
meses. O ganho médio do nível clinico de inserção foi considerado a variável 
primária. Com relação a avaliação microbiológica, amostras de placa foram 
coletadas dos sítios no baseline, 3 e 6 meses e o pirosequenciamento das amostras 
foi realizado. Os três grupos apresentaram melhora significativa pós tratamento 
quando comparados ao baseline (p<0.05). A média do ganho do nível clínico de 
inserção foi de 2.77 ± 0.93mm para o grupo EMD, 2.93 ± 0.83 mm para o grupo 
βTCP/HA + EMD e 2.64 ± 0.93 mm para o grupo βTCP/HA após 12 meses (P>0.05). 
Nehuma diferença inter-grupo pode ser observada em nenhum dos outros 
parâmetros avaliados (p > 0.05). Doze meses após o tratamento, um total de 85.3% 
de sítios foram parcialmente fechados, no entanto nenhum fechamento completo foi 
obtido durante o estudo. No total de 39 defeitos, 422 espécies foram identificadas, 
principalmente, Fusobacterium spp, Pseudomonas spp, Streptococcus spp, Filifactor 
alocis and Parvimonas micra. Todos as três modalidades de levaram a uma melhora 
	  
	  
clínica dos parâmetros observados e ao fechamento parcial do componente 
horizontal das lesões de bifurcação grau II. A terapia com associação não promoveu 
um ganho clinico significativo quando comparado com as terapias isoladas. No 
âmbito microbiológico as lesões de bifurcação mandibulares Grau II  apresentam um 
microbioma heterogêneo. O tratamento regenerativo dessas lesões é capaz de 
alterar o microbioma associados á doença, resultando no aparecimento de espécies 
relacionadas a saúde.  
Palavras-Chave: Lesões de bifurcação, proteínas derivadas da matriz do esmalte, 
















The aim of this study is to evaluate clinically and microbiologically the treatment of 
mandibular class II furcation defects with enamel matrix derivative (EMD) and/or a 
bone substitute graft made of beta tricalcium phosphate/hydroxyapatite (βTCP/HA). 
Forty-one patients, presenting a mandibular class II buccal furcation defect, probing 
pocket depth (PPD) ≥ 4 mm and bleeding on probing, were included. They were 
randomly assigned to the groups:  1- EMD (n = 13); 2- βTCP/HA (n = 14); 3- EMD + 
βTCP/HA  (n = 14).  Plaque index (PI), gingival index (GI), relative gingival margin 
position (RGMP), relative vertical and horizontal attachment level (RVCAL and 
RHCAL) and PPD were evaluated at baseline, 6 and 12 months. The mean 
horizontal clinical attachment level gain was considered the primary outcome variable. 
Subgingival biofilm samples were collected from mandibular class II furcations 
defects treated according to the groups: group 1 (n=13) - Enamel matrix derivative 
proteins (EMD); group 2 (n=14) Beta tricalcium phosphate/hydroxyapatite 
(βTCP/HA); group 3 (n=14) EMD in association with βTCP/HA (EMD+βTCP/HA). 
Bacterial DNA was isolated and analyzed using terminal restriction fragment length 
polymorphism (t-RFLP) and sequenced by pyrotag sequencing. No significant 
intragroup differences were observed for RGMP, but significant changes were 
observed for RVCAL, RHCAL and PPD, for all groups (p<0.05). After 12 months, the 
mean horizontal clinical attachment level gain was 2.77 ± 0.93 mm for EMD; 2.64 ± 
0.93 mm for βTCP/HA and 2.93 ± 0.83 mm for EMD + βTCP/HA, with no significant 
differences among the groups. At the end of the study, 85.3% of the sites were 
partially closed, however no complete closure was observed. From the total of 39 
defects, 422 species were identified, mainly harbored of Fusobacterium spp, 
Pseudomonas spp, Streptococcus spp, Filifactor alocis and Parvimonas micra. All 
	  
	  
treatments were capable of changing the subgingival microbiome. All three therapies 
led to a better clinical response. Microbiologically analysis of our data suggests that 
regenerative therapy plays a modulator effect on microbiome, positively altering 
subgingival biodiversity in mandibular class II furcation defects. 
Key-words: Furcation defects, enamel matrix derivative proteins, beta tricalcium 
phosphate/hydroxyapatite and microbiome. 	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A progressão da doença periodontal quando não tratada resulta na 
destruição dos tecidos periodontais de sustentação, levando a perda 
dentária (Harris, 2003). Estudos como os de Papapanou et al, 1989; 
Harrel & Nunn (2001), mostraram que os dentes posteriores são os mais 
afetados pela doença periodontal e são os dentes mais perdidos na 
evolução da mesma . Dentes molares com envolvimento de furca  
apresentam maior tendência de perda de suporte periodontal e são 
perdidos 2,54 vezes mais que molares sem invasão de furca, sendo 
necessária uma atenção especial a esses dentes com envolvimento de 
furca (Wang, 1994).  
Dentre as técnicas periodontais regenerativas, a utilização de proteínas 
derivadas da matriz do esmalte tem se mostrado eficaz. Seu princípio 
consiste na reprodução dos eventos que ocorrem durante a 
cementogênese, nos quais as amelogeninas, secretadas pela bainha 
epitelial de Hertwig, induzem a formação do cemento acelular e 
conseqüente formação do ligamento periodontal e osso alveolar 
(Hammarström 1997 a,b; Hammarström et al, 1997).  
 Estudos em modelos animais, em defeitos tipo deiscências, 
comprovaram que a regeneração periodontal, com formação de novo 
cemento, ligamento periodontal e osso alveolar é possível de ser obtida 
por meio da aplicação de EMD. (Hammarström et al, 1997). Sallum et al. 
(2004), avaliaram histometricamente o processo de cura de defeito 
também em defeitos tipo deiscência, criados cirurgicamente em cães, e 
observaram uma maior extensão linear de novo cemento nos sítios 
tratados com proteínas da matriz do esmalte. 
 Donos et al. (2003 a), em um estudo histológico em macacos, trataram 
defeitos de bifurcação grau III associando EMD e membranas, e com 




acelular na superfície radicular no grupo em que foi utilizada a associação 
das membranas com EMD. 
 Donos et al. (2003 b), em uma série de casos, com dez pacientes que 
tinham periodontite crônica, avaliaram as alterações clínicas da utilização 
de proteínas derivadas do esmalte em lesões de furca grau II 
mandibulares aos 6 meses pós operatório. Estes autores observaram 
ganhos médios de inserção clínica horizontal de 1,4 mm e vertical de 1,2 
mm nas furcas vestibulares de molares inferiores. Entretanto, não houve 
fechamento completo em nenhum dos defeitos estudados. Contudo, 
estudos clínicos controlados envolvendo grupos teste e controle para 
avaliar a previsibilidade da técnica ainda são necessários.  
Em um ensaio clínico randomizado, Jepsen et al. (2004), observaram em 
45 pacientes, com 90 lesões de furca comparáveis, que quando usaram 
EMD houve uma redução de 78% dos defeitos e em 18% houve 
fechamento completo da lesão de furca quando comparadas apenas ao 
uso de membranas. 
Além do uso de matriz derivada do esmalte nas cirurgias periodontais 
regenerativas, muito tem se discutido acerca dos materiais aloplásticos. 
Esses materiais são substitutos ósseos sintéticos, inorgânicos, 
biocompatíveis e/ou bioativos que podem promover a cicatrização óssea 
por osteocondução. Há quatro tipos de materiais aloplásticos 
freqüentemente usados: Hidroxiapatita, beta-fosfato-tricálcio, polímeros e 
vidros bioativos. 
 
 Estudos clínicos que utilizaram a Hidroxiapatita-HA e/ou Beta-fosfato-
tricálcio no tratamento de lesões ósseas periodontais resultaram em 
reduções na profundidade de sondagem e ganhos significativos de 
inserção clínica com neoformação óssea quando comparado com 
controles tratados cirurgicamente sem o uso desses materiais (Meffert et 




 Atualmente há no mercado uma associação da hidroxiapatita com o 
Beta-fosfatotricálcio, o BoneCeramic® (Straumann, BoneCeramic® , 
Switezerland). Trata-se de um substituto ósseo, 100% sintético, que 
funciona como uma estrutura de suporte para a adesão do osso durante o 
processo de osteogênese. Tem 60% de hidroxiapatita e 40% de beta 
fosfato tricálcio. Segundo as informações do fabricante, possuem um 
índice de porosidade de 90%, com poros interconectados de diâmetro 
entre 100 a 500 mícrones. Este elevado grau de porosidade permite o 
máximo espaço para a vascularização, a migração de osteoblastos e a 
adesão óssea.  Entretanto, estudos clínicos controlados para avaliar 
esses materiais são necessários. 
 Sculean et al (2002), avaliaram o tratamento de defeitos infra-ósseos 
com a combinação de matriz derivada do esmalte e vidro bioativo, ou 
apenas vidro biativo isoladamente, em 24 pacientes com periodontite 
crônica, observaram que  após 1 ano de terapia, os sítios tratados com 
EMD e vidro bioativo (perioglass®) mostraram uma redução na média de 
profundidade de sondagem  de 8,07 mm para 3,92 e uma mudança no 
nível de inserção de clínica de 9,64 mm para 6,42 mm. No grupo que 
usou vidrobiativo apenas, também ocorreram reduções médias na 
profundidade de sondagem (4,2 mm) e ganhos nos níveis de inserção 
clínica (3 mm). A diferença entre os grupos não foi significativa e o estudo 
concluiu que matriz derivada do esmalte associada ao vidro bioativo não 
produz um benefício adicional nos resultados clínicos da terapia. 
 O presente estudo avaliou o efeito do tratamento de lesões de 
bifurcação grau II com proteínas derivadas da matriz do esmalte (EMD) 
associadas a material de preenchimento ósseo (βTCP/HA) em 
comparação ao preenchimento do defeito pelo EMD e βTCP/HA isolados, 







CAPÍTULO 1: Enamel matrix protein derivative and/or synthetic bone 
substitute for the treatment of mandibular class II buccal furcation 
defects. A 12-month randomized clinical trial. 
Lucas A. Queiroz1; Mauro P. Santamaria2; Karina G.S.Ruiz1; Márcio Z. 
Casati1; Francisco H. Nociti Jr.1; Wilson A. Sallum1; Enilson A. 
Sallum1. 
1. Department of Prosthodontics and Periodontics, Division of 
Periodontics, School of Dentistry at Piracicaba, State University of 
Campinas, Piracicaba, São Paulo, Brazil. 
2. Department of Periodontology, College of Dentistry - FOSJC, UNESP - 




Objective: To clinically evaluate the treatment of mandibular class II 
furcation defects with enamel matrix derivative (EMD) and/or a bone 
substitute graft made of beta tricalcium phosphate/hydroxyapatite 
(βTCP/HA). 
Material and Methods: Forty-one patients, presenting a mandibular class II 
buccal furcation defect, probing pocket depth (PPD) ≥ 4 mm and bleeding 
on probing, were included. They were randomly assigned to the groups:  
1- EMD (n = 13); 2- βTCP/HA (n = 14); 3- EMD + βTCP/HA  (n = 14).  
Plaque index (PI), gingival index (GI), relative gingival margin position 
(RGMP), relative vertical and horizontal attachment level (RVCAL and 
RHCAL) and PPD were evaluated at baseline, 6 and 12 months. The 
mean horizontal clinical attachment level gain was considered the primary 
outcome variable. 
Results: No significant intragroup differences were observed for RGMP, 
but significant changes were observed for RVCAL, RHCAL and PPD, for 




attachment level gain was 2.77 ± 0.93 mm for EMD; 2.64 ± 0.93 mm for β
TCP/HA and 2.93 ± 0.83 mm for EMD + βTCP/HA, with no significant 
differences among the groups. At the end of the study, 85.3% of the sites 
were partially closed, however no complete closure was observed.    
Conclusion: EMD+βTCP/HA does not provide a significant advantage 
when compared to the isolated approaches. All 3 tested treatments 
promote significant improvements and partial closure of class II buccal 
furcation defects. Based on its potential to induce periodontal regeneration, 
EMD may be considered an attractive option for this type of defect, but 




Several methods have been used to treat furcation defects, such as non-
surgical scaling and root planing with manual and power-driven scalers, 
open flap debridement, resective treatment and regenerative approaches 
(1). Previous studies have reported good results when guided tissue 
regeneration (GTR) was used to treat mandibular class II furcation defects, 
achieving statistically greater clinical improvement when compared with 
non-regenerative procedures (2–4).  
Enamel Matrix Derivative proteins (EMD) have been clinically used as an 
attempt to reproduce the events that occur during cementogenesis, in 
which amelogenin, secreted by Hertwig’s epithelial root sheath (HERS), 
induces the formation of acellular extrinsic fiber cementum, periodontal 
ligament and alveolar bone. It may promote periodontal ligament cell 
proliferation and increased protein synthesis and mineral nodule formation 
by the cells. Another interesting effect of EMD would be the reduction in 
the local pathogenic flora, creating a more favorable environment for 
periodontal regeneration (5–10) . 
Considering the treatment of furcation defects, the results obtained with 




and superior to what have been reported with open-flap debridement (13) 
for clinical attachment level, vertical and horizontal bone levels, and 
resolution of the furcation defect (14). However, the complete closure of 
furcation defects does not seem to be a commonly attainable outcome 
with the present treatment options. Jepsen, (11) showed that complete 
closure of mandibular furcation treated with EMD was observed in 17% of 
the sites compared to 8% with GTR.  
Bone replacement grafts (bone grafts and bone graft substitutes) may 
provide the structural framework for clot stabilization, maturation, and 
remodeling that supports bone formation in osseous defects (15). Both 
hydroxyapatite (HA) and β-tricalcium phosphate (βTCP) are widely 
employed materials in dental and periodontal surgery. They are known to 
be osteoconductive and to enhance bone filling in periodontal defects 
(16,17).   
It can be hypothesized that the association of EMD with a bone substitute 
might improve the clinical results in furcation lesions. Thus, the aim of this 
clinical trial is to evaluate the treatment of mandibular class II furcation 
defects with the association of enamel matrix derivative (EMD) and a bone 
substitute graft made of beta tricalcium phosphate/hydroxyapatite 
(βTCP/HA) when compared to the isolated use of each material. 
 
Method and Materials: 
Study Design: 
 This is a randomized, parallel, blinded, clinical trial designed to evaluate 
the treatment of mandibular class II furcation defects with enamel matrix 
derivative (EMD) along with a bone substitute graft (βTCP/HA) when 
compared to the isolated therapies. The study protocol has been approved 
by the Ethics Committee of the Piracicaba Dental School, State University 
of Campinas – UNICAMP (# 035/2007). All patients received a detailed 





The patients were randomly assigned to the following treatment groups: 
Group 1: During flap access surgery, the granulation tissue was removed 
and the root surfaces were carefully instrumented with ultrasonic and hand 
instruments. The furcation defects in this group received the application of 
enamel matrix derivative (EMD - Emdogain® Straumann, Basel, 
Switzerland). 
Group 2: During flap access surgery, the granulation tissue was removed 
and the root surfaces were carefully instrumented with ultrasonic and hand 
instruments. The furcation was filled with a bone substitute consisting of 
beta tricalcium phosphate/hydroxyapatite (βTCP/HA- Bone Ceramic® 
Straumann, Basel, Switzerland) 
Group 3: During flap access surgery, the granulation tissue was removed 
and the root surfaces were carefully instrumented with ultrasonic and hand 
instruments. The furcation was filled with a mixture of enamel matrix 
derivative proteins (EMD) (Emdogain® Straumann, Basel, Switzerland) 
and bone substitute consisting of βTCP/HA (Bone Ceramic® Straumann, 
Basel, Switzerland). Immediately after debridement, EMD was applied on 
the root surfaces. The remaining part of the material in the seringe was 
then mixed with the bone substitute on a sterile dappen. This mixture was 
used to completely fill the defect  (EMD + βTCP/HA). 
 
Randomization and allocation concealment: 
The treatment for each buccal furcation defect was determined during the 
surgical procedure (after flap elevation and root/defect debridement) using 
a previously made computer-generated list and opaque envelopes. The 
allocation concealment was conducted by a researcher (MPS) not 
involved in the examinations and surgical procedures. The randomization 
code was not broken until all data had been collected and fully statistically 
analyzed. Therefore, the patient, the clinical examiner and the statistician 




Population screening:  
Potential patients were selected from those referred to the Graduate Clinic 
of the Piracicaba Dental School. All patients received a complete 
periodontal examination, including anamnesis, a full-mouth periodontal 
probing and radiographic examination. The furcation defects were 
classified on a three-stage scale (18) using a Nabers Probe (Hu-Friedy). 
The study inclusion criteria were (i) diagnosis of moderated chronic 
periodontitis (19); (ii) presence of a mandibular molar with buccal class-II 
furcation defect, presenting PD ≥ 4mm, bleeding on probing (BOP), 
minimum (<1 mm) or no gingival recession after non-surgical therapy; (iii) 
good general health; and (iv) minimum interproximal bone loss (< 2 mm). 
The patients who presented the following conditions were excluded from 
the study: (i) were pregnant or lactating; (ii) required antibiotic pre-
medication for the performance of periodontal examination and treatment; 
(iii) suffered from any other systemic diseases (cardiovascular, pulmonary, 
liver, cerebral, diseases or diabetes); (iv) had received antibiotic treatment 
in the previous 3 months; (v) were taking long-term anti-inflammatory 
drugs; (vi) had received a course of periodontal treatment within the last 6 
months; and (vii) were smokers. 
Non-surgical treatment: 
 All the subjects received a full-mouth periodontal treatment before the 
surgical procedure. The same operator performed the treatment at the 
furcation sites with an ultrasonic device (Cavitron, Dentsply, NY, USA) and 
specific tips for furcation debridement (PQ2N7, Hu-Friedy, Chicago, IL, 
USA). The subjects underwent motivation sessions, during which oral 
hygiene instructions were given to ensure proper level of oral hygiene 
before the surgical procedure. These sessions were repeated as needed, 
with special attention for the furcation areas, until subjects showed the 
ability to maintain good plaque control, as evidenced by pre-treatment 





 The following clinical parameters were assessed immediately before the 
surgical procedure. Full-Mouth Plaque Score (FMPS) and Full-Mouth 
Bleeding Score (FMBS) were calculated after assessing dichotomously 
the presence of plaque and BOP (from the bottom of the pocket when 
probing with a manual probe) and calculating the percentage of positive 
sites. The presence of plaque and BOP was also dichotomously evaluated 
at the buccal furcation site included in the study. Probing depth (PD), 
relative gingival margin position (RGMP) and relative vertical clinical 
attachment level (RVCAL) were evaluated using a PCP-15 periodontal 
Probe (Hu-Friedy - Chicago, IL, USA). The relative horizontal clinical 
attachment level (RHCAL) was measured with the same type of probe  
(PCP-15 Periodontal Probe - Hu-Friedy - Chicago, IL, USA) as the 
distance between the deepest point reached by the probe when 
introduced horizontally into the furcation and the lower border of the stent. 
All these parameters were evaluated at one specific site at the buccal 
furcation entrance, determined by a groove made on an individually 
manufactured acrylic stent and recorded to the nearest 0.5mm. The 
assessments of RGMP, PD, RVCAL and RHCAL were performed at 
baseline, 6 and 12 months after the surgical procedure by one blinded 
trained examiner (L.A.Q) 
Investigator calibration: 
 Initially, a total of 15 non-study subjects presenting buccal class-II 
furcations were selected. The designated examiner measured the RVCAL 
and RHCAL of all patients, twice, within a period of 24 h (observing an 
interval of more than 1 hour between examinations). The examiner was 
judged to be reproducible after fulfilling the pre-determined success 
criteria (the percentage of agreement within ± 1mm between repeated 
measurements had to be at least 90%). The intra-class correlation was 
calculated to each parameter, resulting in 90% reproducibility for RVCAL 





All the surgical procedures were performed by the same experienced 
surgeon (E.A.S.). Before surgery, intraoral antisepsis was performed with 
0.12% chlorhexidine rinse solution and extra oral antisepsis was carried 
out with iodine solution. Following local anesthesia, sulcular incisions were 
made, and full thickness flap were raised at the buccal surface of the 
experimental sites, extending to the two adjacent teeth (or ridge, if the 
adjacent tooth was absent) Granulation tissue as well as the visible 
calculus on the root surface (if present) was removed with hand curettes 
(Gracey, Hu-Friedy) and with an ultra-sonic device (Cavitron, Dentsply, 
Tulsa, OK, USA) with specific tips for furcation instrumentation 
(UI25KFPset, Hu-Friedy). The diagnosis of the class-II furcation defect 
was then confirmed using a Nabers probe (Hu-Friedy). At this point, the 
opaque envelope was open and the defect could be assigned to one of the 
following procedures: EMD (Emdogain®, Straumann, Basel, Switzerland) 
application on the root surfaces (Group 1); β TCP/HA graft (Bone 
Ceramic® Straumann, Basel, Switzerland) was used to fill the furcation 
defect (Group 2); EMD (Emdogain® Straumann, Basel, Switzerland) along 
with βTCP/HA (Bone Ceramic® Straumann, Basel, Switzerland) was 
used following the protocol: EMD was applied on the root surfaces, then a 
few drops of EMD were mixed with βTCP/HA, and the combination of the 
two materials filled the entire defect (Group 3). The surgical flaps were 
positioned slightly coronally and sutured using modified mattress sutures 
(5.0 poligalactin-A; Vicryl, Johnson & Johnson, São José dos Campos, 
Brazil), in order to completely cover the defects (Figures 4,5 and 6). No 
side effects were seeing in any of the three groups.  
Post-operative care 
Patients were instructed to take analgesics (500 mg of dipyrone, four 
times a day) for 3 days and to discontinue tooth brushing around the 
surgical sites for 10 days after surgery. They were instructed to gently 
rinse with 0.12% clorhexidine, twice a day for a month. The sutures were 
removed at 10 days post-surgery, and the clinical parameters analyzed 




maintenance program during the study period. The maintenance visits 
occurred once a month at the first 6 months and every 3 months until the 
end of the study. 
Primary and secondary outcome measures: 
  The primary outcome measurement of the study was considered to be 
the mean horizontal clinical attachment level gain (difference between 
RHCAL at baseline and the values observed at 6 and 12 months). 
Secondary outcomes included (i) PD; (ii) RVCAL; (iii) RPGM; (iv) complete 
furcation closure at 12 months; (v) plaque and BOP at surgical site; (vi) 
full-mouth plaque index (PI) and full-mouth gingival index (GI) 
Power Calculation: 
 The sample size was calculated using the software package Biostat 5.0 
with parameters set to detect a difference of 2 mm between treatments 
and α = 5%. The 2-mm difference value was adopted in order to detect 
clinically significant changes on the studied variables, minimizing the 
chance of detecting differences that could be related to probing variations 
instead of actual gains in clinical attachment levels (20–26). The estimated 
standard deviation was 1 mm and the size of the sample was determined 
to require at least 13 patients in each group (27).  
Data management and statistical analysis: 
Homogeneity of treatment groups at baseline was assessed. Repeated-
measures analysis of variance (ANOVA) was used to detect intra and 
inter-group differences in the clinical parameters (RGMP, PD, RVCAL, 
RHCAL and respective changes/gains). When a statistical difference was 
found, analysis of the difference was determined using the method of 
Tukey. The presence of BOP or plaque at furcation sites, as well as 
furcation re-classification at 6 months (Hamp et al. 1975), was analyzed 
using the Fisher’s exact test. The level of significance was set at 5% (SAS 






Four hundred and eighty patients were examined during the screening 
period. Fifty-three had an initial diagnosis of buccal class II furcation 
defects in at least one molar, being thus eligible for the study. After 
hygienic therapy, 3 patients were excluded (did not present PPD ≥ 4 mm 
and BOP at the site). Nine of 50 patients were excluded; eight during the 
surgical procedure (diagnosis of class II was not confirmed) and one 
because of pregnancy (Figure 1).  
Study schedule: 
 Subject recruitment started in March 2009 and was completed by 
December 2012. The last surgical procedure was carried out in April 2013. 
Data entry/statistical analyses was performed by the end of 2014. 
 
Patient characteristics at baseline: 
 Patients’ characteristics at baseline were not significantly different 
among groups. Forty-one patients contributed with 41 furcation lesions. 
The mean PPD and RHCAL at furcation site were not statistically different 
among groups at baseline (Table 1).  
 
Plaque and bleeding on probing 
 Acceptable oral hygiene was achieved at baseline and during the study, 
since FMPS and FMBS remained below 15% (Table 2). At baseline, all the 
treated furcations presented BOP while approximately half of the defects 
showed some detectable plaque. A decrease in the number of 
experimental sites with plaque/BOP was observed for the 3 groups during 
the study (Fig 2 and 3). However, Group 1 (EMD) showed less 
experimental sites with BOP after 12 months (2 out of 13) when compared 
with Group 2 (βTCP/HA) (6 out of 14) and Group 3 (EMD+βTCP/HA)  (5 




Clinical Parameters (RGMP, RVCAL, RHCAL and PPD) 
The results for the clinical parameters are shown in Table 3. The 
comparison between baseline and 12 months values for RGMP revealed 
that there was no significant increase in gingival recession in any of the 
groups (P>0.05). On the other hand, a significant reduction for PPD 
(P<0.05) was observed for the 3 treatments. After 12 months, the PPD 
reductions was 2.54 ± 0.78 mm for group 1 (EMD), 2.36 ± 1.01 for group 2 
(βTCP/HA) and 2.43 ±1.02 for group 3 (EMD + βTCP/HA), with no 
differences among the groups. Regarding RVCAL and RHCAL, all 3 
treatments provided statistically significant gains after 6 and 12 months. 
The difference between baseline and the values observed after 12 months 
for RVCAL (mean vertical attachment level gain) was 2.08 ±1.61 for group 
1 (EMD), 2.29 ±1.27 for group 2 (βTCP/HA) and 2.14 ±1.29 for group 3 
(EMD+ βTCP/HA), with no significant differences among the groups. The 
mean reduction in the horizontal component of the furcation lesion, as 
calculated by the difference between the RHCAL values observed at 
baseline and after 12 months, amounted 2.77 ± 0.93 mm for group 1 
(EMD), 2.64 ± 0.93 mm for group 2 (βTCP/HA) and 2.93 ± 0.83 mm for 
group 3 (EMD+ βTCP/HA), with no significant differences among the 
groups. 
Furcation closure 
 Six months and 12 months after the surgeries, the furcation lesions 
were again evaluated according to Hamp`s et al. (1975) classification 
(Table 4). Partial closure of the defects was observed in 33 cases, 
meaning that the furcations were now classified as class I, as follow: 13 
furcations in Group 1 (EMD), 9 furcations in Group 2 (βTCP/HA group) 
and 11 furcations in Group 3 (βTCP/HA + EMD), after 6 months of 
evaluation (p > 0.05). After 12 months, two furcations improved their 
diagnoses to class I, one in the βTCP/HA group and another in the 
βTCP/HA + EMD group. Complete furcation closure was not detectable 






 The progression of periodontal disease can reach the furcation area, 
leading to tissue destruction and creating a formidable challenge in the 
treatment of this chronic disease (19). The presence of furcation defects 
makes the posterior teeth more vulnerable to loss than the anterior teeth 
(28,29). Therefore, new therapeutic approaches should be continuously 
investigated for these areas.  
 Enamel matrix derivative (EMD) has been used in periodontal 
regenerative procedures based on its fundamental role in cementum 
development. Histological studies have shown the potential of this material 
to induce periodontal regeneration (30–32). Clinical studies showed 
horizontal clinical attachment level gain, PD reduction and the possibility of 
complete furcation closure after EMD treatment (1,11,13,33). The 
synthetic bone substitute made of HA and βTCP may integrate into bone 
tissue, allowing osteoconductivity (34). The combined use of different 
materials has been evaluated in order to find predictable approaches for 
periodontal regeneration in different clinical situations (35,36). Aiming to 
combine the osteoconductive and space-maintaining properties of a bone 
substitute with the biological properties of EMD, this study has been 
designed to evaluate the use of EMD + βTCP/HA. A decision was made to 
focus on the comparison of EMD + βTCP/HA to the isolated therapies 
(EMD + βTCP/HA versus βTCP/HA or EMD). Therefore, these 3 
approaches were not compared to open flap debridement alone (OFD) or 
GTR in the present study. Besides the difficulties involved in finding the 
increased number of patients (following the inclusion/exclusion criteria) 
needed to conduct a study with several groups, this option was justified by 
the availability of historical controls, showing that both EMD (14,37) and 
bone substitutes (38,39) may provide superior clinical results to OFD and 
comparable results to those achieved with GTR (11,12,40–45). 
In the present study, no root conditioning (EDTA) was used during the 




significant differences could be observed with or without EDTA previous to 
EMD application (46,47).   
The three tested treatments produced favorable clinical changes 
characterized by a significant reduction of PPD and horizontal component 
of the furcation defects. Specifically concerning furcation defects, the 
horizontal parameter is directly related to the tooth prognosis (48). 
Previous studies, using EMD alone in furcations, reported that it may 
result in PD reduction and RVCAL and RHCAL gains (30,49–51). A 
comparison of EMD+βTCP/HA to βTCP/HA alone was performed in 
patients with proximal furcation defects (52). They reported a mean gain 
for RHCAL after 6 months of 1.47 mm for bone graft alone and 1.57 mm 
for the association of bone graft plus EMD, with no statistical differences 
between groups. This is in accordance with the results observed in the 
present study, showing no significant differences on mean RHCAL gain 
after treating the furcation with the isolated approaches when compared to 
the combined treatment. After 12 months, the mean RHCAL was 2.7 ± 0.9 
for group 1 (EMD), 2.6 ± 0.9 for group 2 (βTCP/HA) and 2.9 ± 0.8 for the 
combined treatment (EMD+ βTCP/HA). The RHCAL reduction amounted 
54.5% (EMD), 46.8% (βTCP/HA) and 53.3% (EMD+ βTCP/HA) of the 
baseline value. The consequence of this reduction was that 85.3% of all 
treated defects changed their diagnosis to class I after one year. However, 
no complete furcation closure could be observed during the study. This is 
in accordance with a previous study (13) evaluating the effects of EMD on 
the treatment of class II furcation defects where reduction of horizontal 
probing attachment level was observed after thirty-six months but with no 
complete closure of the defects. Other report also evaluating EMD on the 
treatment of class II furcation, showed only 1 site with complete closure 
(14). Jepsen et al , showed complete closure of mandibular class II 
furcations in approximated 17% and 8% of cases treated by EMD or GTR, 
respectively. Therefore, in spite of the evident reduction on the horizontal 
component of the furcation after treatment with current regenerative 
approaches, it seems also evident that the ideal outcome of complete 




In spite of the positive clinical outcomes observed when bone substitutes 
are used (14,47), the results of the present study indicated that the 
association of βTCP/HA with EMD failed to provide a significant benefit. 
One point that should be considered is the difference in the histological 
healing pattern that may be present when comparing sites treated with 
EMD to sites treated exclusively with bone substitutes or the associated 
therapy (EMD+bone substitute). In a study conducted with the 
combination of EMD with biphasic calcium phosphate (BCP), in one or two 
wall intrabony defects around teeth schedule for extraction, it was 
observed the formation of cementum with inserting collagen fibers to a 
varying extent. Also, graft particles were still present and were mostly 
encapsulated in connective tissue, whereas formation of bone around the 
graft particles was observed only occasionally. Direct contact between the 
graft particles and the root surface (cementum or dentin) was not 
observed. This finding led to the conclusion that EMD may promote the 
formation of new cementum with an associated periodontal ligament but 
there is the possibility that the presence of graft particles may interfere 
with the healing process, resulting in limited bone formation (53).  
In conclusion, the association of the bone substitute to EMD did not 
provide a better clinical outcome when compared to the isolated therapies. 
Considering that the possibility of achieving periodontal regeneration might 
be increased with the use of EMD, according to previous histological 
studies (30–32), it seems reasonable to consider that this approach 
(isolated use of EMD) would be an adequate option for the treatment of 
Class II furcation defects, similar to the ones treated in the present study. 
The interesting observation that bleeding at furcation site was numerically 
lower in the EMD group (but no statistically significant) may suggest other 
properties of this material (microbiological effect?)  (9), but this remains to 
be further evaluated. It must be recognized the need for new 
developments in the regenerative treatments to improve the chance to 
promote complete closure of the defects and promote a greater positive 





 EMD+βTCP/HA does not provide a significant advantage when 
compared to the isolated approaches. All 3 tested treatments promote 
significant improvements and partial closure of class II furcations. Based 
on its potential to induce periodontal regeneration, EMD may be 
considered an attractive option for this type of defect, but complete closure 
remains an unrealistic goal.     
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Figure 1: Study flowchart. HA, hydroxyapatite; β-TCP, β-tricalcium phosphate; EMD, 
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Table	  1:	  Patient	  characteristics	  at	  baseline	  
	   Group	  1	  	   Group	  2	   Group	  3	  
Age	  (mean	  ±	  SD)	  #	   53.69	  ±	  6,58	   53.14	  ±	  5,92	   54.57	  ±	  5,63	  
Female,	  n	  (%)	   8	  (61.54)	   10	  (71.43)	   9	  (64.29)	  
PPD	  at	  furcation	  site,	  mm	  (±	  SD)	  #	   4.92	  ±	  0.49	   4.93	  ±	  0.73	   4.79	  ±	  0.7	  
RHCAL	  at	  furcation	  site,	  mm	  (±	  SD)	  
#	   5.08	  ±	  0.49	   5.64	  ±	  0.93	   5.5	  ±	  0.76	  
#No statistically significant difference at baseline between groups – (ANOVA/Tukey test, p > 0.05). 
	  	  
Table 2: Full mouth plaque score and Full mouth bleeding score at baseline for treatment groups (%). 
	   Group	  1	   Group	  2	   Group	  3	  
	   	   	   	  
FMPS.	  %	  (±	  SD)	  #	   14.57	  ±	  3.83	   14.36	  ±	  3.1	   13.54	  ±	  2.99	  
FMBS.	  %	  (±	  SD)	  #	   9.67	  ±	  3.1	   9.68	  ±	  2.76	   8.69	  ±	  1.84	  	  
#No statistically significant difference at baseline between groups – ANOVA/Tukey test (p>0.05). No significant 
difference (Fisher’s exact test – p > 0.05). FMPS – Full mouth plaque score; FMBS – Full mouth bleeding score; 
SD – standard deviation; Group 1 – EMD; Group 2 – βTCP/HA; Group 3 – EMD+ βTCP/HA. 
	  
Table 3. RGMP, RVCAL, RHCAL and PPD at different evaluation periods for the groups  (Mean ±	  SD in mm).	  






Group	  1	   10.15	  ±	  0.9	  Aa	   9.92	  ±	  0.95	  Aa	   9.92	  ±	  1.12	  Aa	  	   -­‐0.08	  ±	  0.76	   -­‐0.08	  ±	  0.86	   0.00	  ±	  0.41	  
Group	  2	   9.57	  ±	  1.09	  Aa	   9.71	  ±	  1.07	  Aa	   9.79	  ±	  1.12	  Aa	   -­‐0.14	  ±	  0.53	   -­‐0.21	  ±	  0.8	   -­‐0.07	  ±	  0.62	  
Group	  3	   9.43	  ±	  1.34	  Aa	   9.71	  ±	  1.2	  Aa	   9.57	  ±	  1.02	  Aa	   -­‐0.29	  ±	  0.47	   -­‐0.14	  ±	  0.66	   0.14	  ±	  0.36	  
	   	   	   	   	   	   	   	  
RVCAL	  
Group	  1	   14.38	  ±	  1.76	  Aa	   12.38	  ±	  1.39	  Ab	   12.31	  ±	  1.38	  Ab	   2.00	  ±	  1.53	   2.08	  ±	  1.61	   0.08	  ±	  0.64	  
Group	  2	   14.64	  ±	  1.22	  Aa	   12.29	  ±	  1.68	  Ab	   12.36	  ±	  1.5	  Ab	   2.36	  ±	  1.22	   2.29	  ±	  1.27	   -­‐0.07	  ±	  1.00	  
Group	  3	   14.07	  ±	  1.44	  Aa	   12.07	  ±	  1.33	  Ab	   11.93	  ±	  1.27	  Ab	   2.00	  ±	  1.30	   2.14	  ±	  1.29	   0.14	  ±	  0.53	  
	   	   	   	   	   	   	   	  
RHCAL	  
Group	  1	  	   5.08	  ±	  0.49	  Aa	   2.38	  ±	  0.77	  Ab	   2.31	  ±	  0.75	  Ab	   2.69	  ±	  0.95	   2.77	  ±	  0,93	   -­‐0.08	  ±	  0.28	  
Group	  2	   5.64	  ±	  0.93	  Aa	   3.00	  ±	  1.11	  Ab	   3.00	  ±	  1.04	  Ab	   2.64	  ±	  1.01	   2.64	  ±	  0,93	   0.00	  ±	  0.55	  
Group	  3	   5.5	  ±	  0.76	  Aa	   2.71	  ±	  1.14	  Ab	   2.57	  ±	  0.94	  Ab	   2.79	  ±	  0.8	   2.93	  ±	  0,83	   0.14	  ±	  0.36	  
	   	   	   	   	   	   	   	  
PPD	  
Group	  1	   4.92	  ±	  0.49	  Aa	   2.46	  ±	  0.78	  Ab	   2.38	  ±	  0.65	  Ab	   2.46	  ±	  0.78	   2.	  54	  ±	  0,78	   -­‐0.08	  ±	  0.28	  
Group	  2	   4.93	  ±	  0.73	  Aa	   2.57	  ±	  0.94	  Ab	   2.57	  ±	  0.76	  Ab	   2.36	  ±	  0.93	   2.36	  ±	  1,01	   0.00	  ±	  0.55	  
Group	  3	  	   4.79	  ±	  0.7	  Aa	   2.29	  ±	  0.99	  Ab	   2.36	  ±	  1.08	  Ab	   2.50	  ±	  1.02	   2.43	  ±	  1,02	   -­‐0.07	  ±	  0.27	  
Different letters (uppercase-vertical and lowercase-horizontal for each variable) indicate statistically significant difference (ANOVA/Tukey test, p < 0.05). 
# No statistically significant difference ANOVA/Tukey test (p>0.05). Group 1: Enamel matrix derivative (EMD); Group 2: Beta tricalcium 
phosphate/hydroxyapatite (βTCP/HA); Group 3: Enamel matrix derivative and Beta tricalcium phosphate/hydroxyapatite (EMD + βTCP/HA); RGMP, 
relative gingival margin position; RVCAL, relative vertical clinical attachment level; RHCAL, relative horizontal clinical attachment level; PPD, periodontal 





Table 4: Distribution (number and %) of furcation defects, according to its classification (Hamp et al. 1975) in 
different periods. 
  Class according Hamp’s classification, n (%)  
  1 2 p 
6 months Group 1 13 (100) 0 (0) 0.0632 Group 2 9 (64.29) 5 (35.71) 
 Group 3 11 (78.57) 3 (21.43)  
12 
months 
Group 1 13 (100) 0 (0) 
0.1104 Group 2 10 (71.43) 4 (28.57) 
Group 3 12 (85.71) 2 (14.29) 
No significant difference (Fisher’s exact test – p > 0.05). 
 
 
Figure 2: Number of experimental furcation sites with detectable plaque during the study for each treatment group
 
No	  significant	  difference	  (Fisher’s	  exact	  test	  –	  p	  >	  0.05).	  
 
Figure 3: Number of experimental furcation sites with bleeding on probing during the 
study for each treatment group 
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Figure 4: Initial image - group 1 (EMD); b. Application of EMD at furcation site; c. 







Figure 5: a. Initial image - group 2 (βTCP/HA); b. Application of βTCP/HA at furcation 









Figure 6: a. Initial image - group 3 (EMD + βTCP/HA); b.Application of EMD at 
furcation site; c. Mixed of EMD + βTCP/HA filling the entire defect; d. Flaps 
repositioned and sutured; e. 12-month clinical view of surged site. 
 
a. b. c. d.
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Abstract 
 Furcation lesions have been implicated as a risk marker for future 
attachment and tooth loss, making their treatment an important goal in 
periodontal therapy. The treatment is based on alter microbial composition, 
by biofilm mechanical disruption, and also promote regeneration of lost 
tissues, through regenerative techniques. Therefore, the purpose of this 
investigation was to use a deep-sequencing approach to identify the 
changes in periodontal microbiome in furcation treated by enamel matrix 
derivative therapy, combined or not to a bone substitute graft. Subgingival 
biofilm samples were collected from mandibular class II furcations defects 
treated according to the groups: group 1 (n=13) - Enamel matrix derivative 
proteins (EMD); group 2 (n=14) Beta tricalcium phosphate/hydroxyapatite 
(βTCP/HA); group 3 (n=14) EMD in association with βTCP/HA (EMD+β
TCP/HA). Bacterial DNA was isolated and analyzed using terminal 
restriction fragment length polymorphism (t-RFLP) and sequenced by 
pyrotag sequencing. Chimera-depleted sequences were compared against 
a locally hosted curated database for bacterial identification. Statistical 
significance was determined by ANOVA/Tukey test, with a significance 
level of 5%. From the total of 39 defects, 422 species were identified, 
mainly harbored of Fusobacterium spp, Pseudomonas spp, Streptococcus 




changing the subgingival microbiome. However, EMD and EMD+Bone 
groups promoted more sustained reductions in higher number of species 
than graft alone (p<0.05), especially those disease-associated species as 
Selenomonas noxia, Filifactor alocis, and some species of Fusobacterium 
spp. Analysis of our data suggests that EMD plays a modulator effect on 
microbiome, positively altering subgingival biodiversity in mandibular class 
II furcation defects. 
 
Introduction 
Periodontitis affects one-sixth of the world’s population, with 11.2% 
of individuals suffering from severe disease (Kassenbaumb et al 2014). In 
most cases, untreated periodontal disease causes the destruction of 
periodontal tissues, which can lead to tooth loss (Harris 2003). In posterior 
teeth, the progression of periodontal disease can reach the furcation area, 
which makes these teeth more vulnerable to loss than the anterior teeth 
(Papapanou 1989, Harrel & Nunn 2001). Proper treatment of these 
defects is necessary to improve the long-term maintenance of molars 
(Svardstrom & Wennstrom 2000).   
Chronic periodontitis has a complex etiology; however, it is 
accepted that periodontal destruction is initiated by a dysbiotic subgingival 
microbial community. Bacteria may be directly pathogenic or may 
stimulate damaging host inflammatory responses. The ultimate goal of 
successful periodontal therapy and maintenance, therefore, is removal of 
the antigenic load created by the biofilms (thereby removing pro-
inflammatory triggers) and reversing dysbiosis within the indigenous 
community. Several approaches have been used to achieve this, including 
both surgical and non-surgical techniques. Recent reviews have 
demonstrated that regenerative approaches provide stable long-term 
outcomes in furcation defects (Avila-Ortiz et al, 2015, Reddy et al, 2015).  
Periodontal regeneration may be achieved through the use of a 




either singly or in combination. Enamel Matrix Derivative (EMD) has been 
shown to result in formation of new periodontal ligament (PDL) and 
alveolar bone (Hammarstrom et al, 1997, Sculean et al, 2000, Yukna et al, 
2000, Donos et al, 2003, Alhezaimi et al 2009) . There is some evidence in 
the literature that EMD also possesses an antimicrobial effect which may 
directly influence dental plaque vitality and/or inhibit further growth of 
bacteria (Sculean et al, 2001, Spahr et al, 2002, Arweiler et al, 2002, 
Walter et al, 2006). However, very little is known both about the microbial 
community associated with furcation lesions, as well as the effect of EMD 
on affecting community structure. 
Therefore, the purpose of the present study was to investigate the 
changes on the subgingival microbiome after three different approaches 
for treatment of buccal class II furcation defects using high-throughput 
sequencing and computational bioinformatics for community 
characterization. 
 
Materials and Methods 
Study Design 
 The present study was designed to examine the responses of the 
microbial communities of buccal mandibular class II furcation defects to 
treatment with enamel matrix derivative proteins (EMD) (Group 1), Beta 
tricalcium phosphate/hydroxyapatite (βTCP/HA) (Group 2) and EMD in 
association with βTCP/HA (EMD + βTCP/HA), (Group 3). The Ethics 
Committee of the University of Campinas approved the study design 
(under protocol 035/2007). All patients received a detailed description of 
the proposed treatment and gave their informed and written consent.  
Study Population 
 Patients were selected from those referred to the Graduate Clinic of the 
Piracicaba Dental School. All patients received a complete periodontal 




examination and complete anamnesis. The study inclusion criteria were (i) 
diagnosis of chronic periodontitis (according to the criteria of the 1999 
international classification; Armitage 1999); (ii) presence of one 
mandibular molar with buccal class-II furcation, presenting PD ≥ 4mm and 
bleeding on probing (BOP), after non-surgical therapy; (iii) good general 
health; and (iv) minimum interproximal loss (interproximal bone crest 
coronal to the furcation entrance level). The patients who presented the 
following conditions were excluded from the study: (i) were pregnant or 
lactating; (ii) required antibiotic pre-medication for the performance of 
periodontal examination and treatment; (iii) suffered from any other 
systemic diseases (cardiovascular, pulmonary, liver, cerebral, diseases or 
diabetes); (iv) had received antibiotic treatment in the previous 3 months; 
(v) were taking long-term anti- inflammatory drugs; (vi) had received a 
course of periodontal treatment within the last 6 months; and (vii) were 
smokers 
Sample Collection 
 Sample collection was performed at baseline and at the 3 and 6-month 
re-evaluations. Following removal of the supragingival biofilm, the areas 
corresponding to buccal furcation defects were washed with water spray, 
isolated with cotton rolls, and dried. A sterile paper point was inserted into 
the bottom of the periodontal pocket for 30s. The paper points were placed 
in sterile tubes containing 300 μL of Tris–EDTA 0.1 mM and immediately 
stored at −20 °C. One examiner (LAQ) collected all microbial samples. 
DNA Isolation 
Plaque samples were removed from the paper points by adding 200 
ml of phosphate buffered saline (PBS) and vortexing for 1 minute. The 
paper points were then removed, and DNA isolated using a Qiagen 
MiniAmp kit (Valencia, CA) according to the manufacturer’s instructions. 
t-RFLP Analysis 
 Bacterial 16S rRNA genes were amplified using 22 cycles of PCR 




TGA TCC TGG CTC AG–FAM-39) and 317-HEX (59- FAM-AAG GAG 
GTG ATC CAG GC -39) (Applied Biosystems, Foster City, CA). The 
cycling conditions have previously been described (Kumar et al, 2005). 
The amplicons were purified using a Qiaquick kit (Qiagen, Valencia, CA). 
Restriction digestion was carried out with 10 ml of standardized, purified 
PCR product and 10 U of Msp I in a total volume of 20 ml at 37°C for three 
hours. 10 ml of the digestion product was purified using AMPure beads 
(Agencourt Bioscience Corporation, Beverly, MA) according to the 
manufacturer’s protocol and eluted in 50 ml water. 5 ml of the purified 
product was denatured with 10 ml of deionized formamide and mixed with 
0.2 ml GeneScan 1200 LIZ size standard (Applied Biosystems, Foster City, 
CA). Fragment lengths were determined on an AB 3730 DNA Analyzer in 
GeneScan mode. The number of peaks as well as the height and area of 
each peak; reflecting the sizes and intensities of the terminal fragments 
were determined using the GeneMapper 4.0 Software. 
 Peak areas were standardized by converting the raw values to a 
proportion of the total area as previously described (Rees et al, 2004). 
Peaks representing less than 1% of the total area were assigned a value 
of zero and the percentages of the remaining peaks recalculated. A 
variance stabilizing transformation was used to create normal distribution 
of the data (Shchipkova et al 2010). The proportion (p) of each peak in the 
community of each subject was expressed as X = sin-1(√p) and were 
used for nonmetric multidimensional scaling (NMDS) computed within 
SPSS (IBM, Armonk, NY). Visualization was carried out with JMP (SAS 
Institute Inc., Cary, NC). 
 
Pyrosequencing 
 Multiplexed bacterial tag-encoded FLX amplicon pyrosequencing 
(bTEFAP) was performed using the Titanium platform (Roche Applied 
Science, Indianapolis, IN) as previously described (Dowd et al, 2008) in a 
commercial facility (Research and Testing Laboratories, Lubbock, TX). 
Briefly, a single step PCR with broad-range universal primers and 22 
cycles of amplification was used to amplify the 16S rRNA genes as well as 




oligonucleotide tags into the DNA. Two regions of the 16S rRNA genes 
were sequenced: V1–V3 and V7–V9. The primers used for sequencing 
have been previously described (Kumar et al, 2011). Adaptor sequences 
were trimmed from raw data with 98% or more of bases demonstrating a 
quality control of 30 and sequences binned into individual sample 
collections based on bar-code sequence tags, which were then trimmed. 
The resulting files were denoised with Pyronoise (Quince et al, 2011) and 
depleted of chimeras using B2C2 
(http://www.researchandtesting.com/B2C2.html). Sequences <300bp were 
discarded and the rest were clustered into species-level operational 
taxonomic units (s-OTUs) at 96% sequence similarity and assigned a 
taxonomic identity by alignment to locally hosted version of the 
Greengenes database (DeSantis et al, 2006) using the Blastn algorithm. 
Phylogenetic trees were generated by MacVector and visualized using 
iTOL (Letunic & Bork, 2007). Community diversity metrics were computed 
as previously described (Lozupone et al, 2011). 
 
Results 
Figure 1A shows the microbiome associated with furcation defects. 
The species found at baseline along with their relative abundances are 
shown.  The figure was created using the Interactive Tree of Life web 
application (iToL). 422 species were detected in the 39 samples. Of these, 
species belonging to the genera Fusobacterium (F. nucleatum, F. 
naviforme, oral clones 203 and 205), Pseudomonas (P. pseudoalcaligenes 
and P. fluorescens), Streptococcus (S. intermedius, S.gordonii, S. 
sanguinis and oral clone 064), Filifactor alocis and Parvimonas micra 
dominated the microbiome. Together, these species comprised over 50% 
of the total abundance. Figure 1B shows the core microbiome associated 
with furcation disease. Only 25 species out of the 422 were found in the 
core microbiome. Species belonging to the genera Actinomyces, 
Campylobacter, Filifactor, Fusobacterium, Gemella, Parvimonas, 
Pseudomonas, Propionibacterium, Selenomonas Streptococcus, 
Terrahemophilus, and Veillonella comprised this group. Interestingly, no 




 Figure 2 shows the relative abundances of species at baseline, 3 and 6 
months following treatment in each group. All treatments were capable of 
changing the subgingival microbiome, with reductions in several 
pathogens and increase in health compatible species (p<0.05, repeated 
measures ANOVA).  
 Figure 3 shows the change in levels of significant species over time. 
Several species showed sustained reductions or increases over the 
observation period. EMD and EMD+Bone promoted more sustained 
reductions in higher number of species than graft alone. In regards of 
recognized periodontal pathogens species/genera, an increase in healthy-
associated ones occurred in all groups while a reduction in diseased-
associated ones occurred in EMD and Bone+EMD groups, especially in 
Selenomonas noxia, Filifactor alocis, and some species of Fusobacterium 
spp. 
 In view of similar clinical outcomes between treatment groups 
(manuscript submitted for publication), we correlated the changes in 
species to clinical changes in furcation defect. In Figure 4, it can be seen 
that 36 s-OTUs were directly correlated to defect resolution (i.e., vertical 
and horizontal attachment level gain) when treatment groups were not 
considered. Of these 36, 17 s-OTUs also changed in response to bone 
grafting, while only two also belonged to EMD or bone + EMD groups. 15 
species were not related to any treatment, but simply changed in 
abundance as a function of change in furcation volume.  
Discussion 
 Furcation defects are associated with higher tooth mortality and 
attachment loss, as well as being predictive of future attachment loss 
(Konig et al, 2002, Salvi et al, 2014). Regenerative approaches appears to 
be effective in the treatment of buccal class II furcations, leading to gain in 
horizontal and vertical attachment levels, reduction in probing depth and 
the possibility of furcation closure. The most obvious outcome of furcation 
closure is increase in attachment and alveolar support; however, an 




colonization. It is logical to expect that alteration in furcation anatomy due 
to disease will predispose the environment to microbial dysbiosis; and 
restoration of furcation anatomy will contribute to eubiosis. However, no 
study up to date has examined the effects of regenerative procedures on 
the microbiota associated with furcation lesions. The present study used a 
high-throughput deep sequencing strategy combined with computational 
bioinformatics to evaluate the effects of three regenerative strategies on 
the furcation-associated microbiome. 
 The furcation lesion harbors a complex and diverse microbiome. This is 
evidenced by the fact that 422 species were present in the 39 lesions, with 
an average of 119 ± 35 s-OTUs in each defect. This is similar to those 
found in severe periodontitis by studies using similar sequencing and 
bioinformatics approaches (Abusleme et al, 2013, Dabdoub et al, 213). 
However, the furcation appears to be different from interproximal lesions, 
in that it harbors a very small ‘core microbiome’. The term ‘core 
microbiome’ was introduced by the Human Microbiome Project (HMP) to 
identify bacterial consortia that are present in the majority of the study 
population, implying that these species are best adapted to that particular 
microenvironment (Human Microbiome Project, 2012). We defined the 
core microbiome as that which is found in 75% or more of individuals. This 
is a far more conservative definition than that used by previous 
investigations (Abusleme et al, 2013; Human Microbiome Project, 2012), 
and ensured that the species under investigation were truly representative 
of the furcation microbiome. Abusleme et al identified a disease-
associated core microbiome of 55 species in interproximal lesions. When 
we re-analyzed our data to include species found in 50% of lesions, we 
found 35 species associated with furcations, which is still significantly 
lower than those found in interproximal lesions.  Further, there were 
significant differences in abundances between the 25 species (Figure 1B). 
Together, the data suggest that the furcation microbiome is far more 
heterogeneous than interproximal sites. Recent evidence demonstrates 
that furcation anatomy varies significantly between individuals (Marcacini 




could lead to different environment characteristics and determine microbial 
diversity. This finding has important clinical implications, especially for 
studies that examine the efficacy of antimicrobial therapies on selected 
bacterial species, for example, the ‘red complex’ bacteria.  
 Previous investigations have suggested that EMD may have anti-
microbial properties (Sculean et al 2001, Spahr et al. (2002)). Therefore, 
we hypothesized that significant microbial shifts would be observed in the 
groups treated with EMD (EMD alone and EMD+Bone) when compared to 
the non-EMD group. The most striking observation from this study was 
that all treatments contributed to changes in microbial community 
membership, with a decrease in pathogens (for example, Filifactor alocis, 
Porphyromonas spp., Fusobacterium nucleatum etc.). However, the EMD 
groups demonstrated more sustained shifts over the three time points 
(Figure 3) when compared to bone graft alone. Also, a large fraction of the 
change in response to bone grafting could be attributable to change in 
furcation dimensions (Figure 5), while the EMD groups had only two 
species that could be explained by furcation alone, suggesting that EMD, 
with or without bone graft, is capable of modulating the microbiome of 
furcation lesions. 
Our data suggest that EMD is capable of reducing the abundance 
of Filifactor alocis, a species that was part of the core furcation 
microbiome at baseline (Figure 1B), in a sustained manner for six months. 
By contrast, in sites that received bone grafting alone, this species was 
reduced for a short time but increased at 6 months. This Gram positive rod 
is known to be in higher proportions in disease (Griffen et al, 2012), has 
the capacity of negatively affecting periodontal sites with attachment loss 
(Aruni et al, 2014).  
Selenomonas spp. presents another example of microbial 
modulation by EMD. Decrease in abundances of any of the Selenomonas 
could not be attributable merely to furcation closure (Figure 4). Moreover, 
both EMD and EMD+Bone promoted a greater reduction in its amounts 




associated with periodontal disease, especially aggressive periodontitis 
and sites presenting with progressing attachment loss (Faveri et al, 2008, 
Gonçalves et al, 2012, Drescher et al, 2010). 
In summary, the data support the existence of a diverse and highly 
heterogeneous microbiome in mandibular Class II furcations. This 
community appears to be slightly different from what is known about 
interproximal communities. Regenerative procedures are capable of 
predictably altering the disease-associated microbiome, with a restitution 
of health-compatible species. Addition of EMD (with or without bone graft) 
increases the stability of these changes over a 6-month period. Further 
studies are warranted to examine the effects of EMD on periodontal 
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Figure 1a.  Phylogenetic tree of 422 s-OTUs detected at baseline. It was 
generated using the interactive tree of life web application (http://itol.embl.de/). The 




furcation defects. Overall abundances for each OTU are indicated by the black-to-






Figure 1b. Relative mean abundance (%) of species comprising the core 












Figure 2. Phylogenetic trees of EMD (left), BONE (center) and EMD+ βTCP/HA 
(right) groups at baseline (internal column), 3 months (centered-column) and 6 
months (outer column) of follow-up.  
	  

















Figure 3c. Changes (T1vsT2 and T2vsT3) in mean abundance of s-OTUs in EMD+ 
βTCP/HA group. 
	  
Figure 4. s-OTUs presenting a positive correlation to defect resolution (vertical and 
horizontal attachment level gain) (Overall) and species that changed in each group 






 O desfecho clínico do presente trabalho nos mostra que todos os 
tratamentos (EMD, βTCP/HA e EMD+ βTCP/HA) levam a uma melhora 
dos parâmetros avaliados, porém, com ausência de fechamento completo 
das lesões de bifurcação. Nossa avaliação microbiológica sugere que o 
tratamento utilizando o EMD leva a uma mudança positiva na microbiota 
das lesões de bifurcação grau II. Mais estudos são necessários para que 
possamos ter maior previsibilidade para o fechamento completo das 
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